template was used to transform the average atlas into the individual participant's space, and the average-transformed atlas was compared to the individual manually delineated brain areas. We also applied these methods to an external data set -not used in the atlas creation -to test generalizability of the atlases. Results: Age-appropriate manual atlases were the best fit to the individual manually delineated regions, with more error seen at greater age discrepancy. There was a close fit between the manually delineated and the automatically labeled regions for individual participants and for the age-appropriate template-based atlas transformed into participant space. There was close correspondence between automatic labeling of individual brain regions and those from the age-appropriate template. These relationships held even when tested on an external set of images. Conclusion: We have created age-appropriate labeled templates for use in the study of infant development at 6 ages (3, 4.5, 6, 7.5, 9, and 12 months). Comparison with manual methods was quite good. We developed three stereotaxic atlases (one manual, two automatic) for each infant age, which should allow more fine-grained analysis of brain structure for these populations than was previously possible with existing tools. The template-based atlases constructed in the current study are available online (http://jerlab.psych. sc.edu/NeurodevelopmentalMRIDatabase).
Introduction
Magnetic resonance imaging (MRI) in infants allows for quantitative and qualitative assessment of neural development, which can enhance our understanding of early brain growth patterns and morphological changes during both normal and abnormal brain development. However, the quantitative study of infant brain development has been hampered by a lack of tools for structural analysis of the brain with MRI, in that tools which have been well validated in adults are often not validated for use with infants [1] . For example, adult neuroimaging work generally uses average MRI templates and stereotaxic atlases to identify anatomical locations in the brain, but these adult stereotaxic atlases may not identify locations accurately in the developing brain. In the current work, we created a set of anatomically labeled stereotaxic atlases for infants from 3 to 12 months (3, 4.5, 6, 7.5, 9, and 12 months). These atlases should be more accurate for infant participants than atlases created with adult participants.
There have been four primary approaches to neuroanatomical labeling of brain structures in adults, which are summarized in table 1 . All of these approaches result in a stereotaxic atlas, generally represented in an MRI volume, which identifies anatomical areas. The validity of these approaches may be tested against a 'gold standard' by manually delineating segmented regions in an individual participant and comparing an atlas which has been registered to the participant's brain against the manual delineation. The creation of the LONI Probabilistic Brain Atlas-LPBA40 [2] , for example, required manual delineation of regions on the 40 subjects from whom the atlas was derived. This method is time consuming, typically requiring one or more individuals to be trained on manual delineation protocols. In addition, the results from one individual are not easily transferable to new MRIs. The development of methods that could make use of preexisting manual delineations would be highly desirable.
Studies of brain development in pediatric populations require similar atlases based on age-appropriate MRIs. One approach has been to register infant (or child, adolescent) brains to a labeled adult average template and transform the adult atlas back into the space of the developing brain. Recent studies have shown that the use of adult reference data compromises the analysis of infant brain images [ 3-5 ; for review, see 1 ] . There are at least two stereotaxic atlases that have been created for infants in the first 2 years [6, 7] . Both of these atlases are based on registering infants to an atlas based on the manual segmentation of the average MRI of 1 young adult (A.A.L. [8] ) and may remain biased by that individual's specific anatomy.
The current study constructed manually delineated and automatically derived anatomically labeled stereotaxic atlases for infant ages. Our goals were to construct the automatic atlases and validate them against manually delineated individual participant atlases. Thus, our first objective was to create a manually labeled, age-specific stereotaxic atlas for average MRI templates for infants at 3, 4.5, 6, 7.5, 9, and 12 months of age on average MRI templates [1, 5, 9, 10] . We performed manual delineation of 14 areas (lobar and sublobar) on each infant-based age-specific template.
The second objective was to create automatically labeled atlases for infants in the first year by adapting the procedures used by Gousias et al. [11] with 2-year-olds. We used the 30 adults from the Hammers adult brain atlas (83 manually delineated areas; Hammers atlases [12- 14] ) and the 40 adults from the LONI Probabilistic Brain Atlas project (56 manually delineated areas; LPBA40 [2] ) to create two macroanatomical atlases for individual infants at 3, 4.5, 6, 7.5, 9, and 12 months. The individual atlases from the infant participants were then used to create average age-specific macroanatomical atlases of 83 (Hammers) segments and 56 (LPBA40) segments, respectively.
The third objective was to examine the validity of the atlases. We tested the internal validity of the automatically generated macroanatomical atlases against each individual's manually segmented atlas, both for atlases created directly on the participant's brain and for the ageappropriate average atlas transformed into the participant space. To examine how atlas fit changed across age ranges, we also tested the individual participant's manually segmented brain regions against an 'age-appropriate' average MRI template and against templates based on ages older than the participants (from next oldest infant atlas through adult-based atlases). Finally, we examined external validity by testing the age-based template atlases against a new set of MRIs that were not used to create the atlases.
The template-based atlases constructed in the current study are available online (http://jerlab.psych.sc.edu/ NeurodevelopmentalMRIDatabase/) [10] .
Materials and Methods

Participants, MRI Acquisition and Average MRI Templates
The participants, MRI acquisition and average MRI templates came from existing data sets, both from our laboratory and others [5, 10] . The MRI images for the anatomical atlases came from the University of South Carolina McCausland Center for Brain Imaging (USC-MCBI). The averages were done at ages 3, 4.5 6, 7.5, 9, and 12 months and were based on 10-14 subjects at each age. The procedures for MRI acquisition are described elsewhere (USC-MCBI [5, 10] ). The relevant MRI type for the current paper was a T1-weighted scan collected on a Siemens Medical System 3-tesla Trio with a 3D T1-weighted MPRAGE RF-spoiled rapid flash scan in the sagittal plane (1-mm 3 resolution, covering the entire head). The average templates were constructed on the MCBI 3-tesla T1-weighted images with an iterative procedure [9, [15] [16] [17] and nonlinear registration methods (using ANTS, Advanced Normalization Tools [18, 19] ). The resulting average MRI template is an unbiased representation of the infant brain average. The average MRI templates are available online (http://jerlab.psych.sc.edu/ Neurode velopmentalMRIDatabase/).
We also used MRI images for the external atlas validation from the NIH MRI Study of Normal Brain Development (NIHPD). The NIHPD MRI images were from the Objective-2 sample and were selected for infants who were within ±2 weeks of ages 3 months (n = 21, 10 female, F/11 male, M), 6 months (n = 32, 15 F/17 M), 9 months (n = 29, 16 F/13 M), or 12 months (n = 25, 11 F/14 M).
Detailed methodology for the NIHPD Objective-2 can be found in publications [20, 21] , as well as from the Objective-2 Procedure Manuals available at the NIHPD Database Repository website (https://nihpd.crbs.ucsd.edu/nihpd/info/index.html). The NIHPD scans were collected with Siemens Medical Systems (Sonata, Magenatom) and GE Systems (Signa Excite) 1.5-tesla scanners at two different sites and were a 2D scan in the axial plane (1 × 1 × 3 mm resolution).
Anatomically Labeled Stereotaxic Atlas Creation
Four sets of atlases were created ( table 2 ). These included the following: (1) manually delineated atlases for each of the average 3-tesla MRI templates at ages 3, 4.5, 6, 7.5, 9, and 12 months, (2) manually delineated atlases for 20 individual participants (used for internal and external validity tests), (3) automated macroanatomical atlases for all MCBI and NIHPD participants and (4) automated macroanatomical atlases for the 3-tesla MCBI average templates.
Manually Delineated Atlases: Average Templates. The manually drawn template atlases were constructed by manual delineation of 14 areas on each average MRI template. Adaptations of the LONI manual segmenting protocol was used to define the lobar areas (frontal, temporal, parietal, occipital, and insular), sublobar areas (fusiform, cingulate) and subcortical areas (cerebellum, brainstem, thalamus, corpus callosum, and striatum [2] ), as well as the ventricles. Our manual delineation sequence is listed in table 3 . The resulting areas were put in a single MRI volume, with the sublobar areas masking out the corresponding voxels from the lobar areas; we also retained each area in a separate MRI volume. An atlas was constructed for each of the 3-tesla average MRI templates for the infant ages (3, 4.5, 6, 7.5, 9, and 12 months). The atlases were delineated by one individual and compared against the delineation of a second observer for 6 areas (brainstem, cerebellum, thalamus, frontal, temporal, occipital). Over the 6 infant ages and 6 brain areas the overlap of the final average template atlas and the test observer was 0.973 and the median Dice agreement between the two observers was 0.958 (range = 0.89-0.99).
Manually Delineated Atlases: Individual Participants. Selected participants had manual delineation done for 3 noncortical areas (cerebellum, brainstem and thalamus) and 3 cortical lobes (frontal, temporal and occipital). The delineation for the individuals was done in the same manner as the average templates. In detail, 2 of the participants at each infant age from the MCBI MRIs were randomly chosen as test participants for manual delineation and 2 participants from the NIHPD MRIs at 3, 6, 9, and 12 months were also chosen for manual delineation. Thus, there were 4 manually delineated participants at 3, 6, 9, and 12 months and 2 manually delineated participants at 4.5 and 7.5 months of age. The manual delineations were done by several individuals and compared against the delineation of a single observer for 6 areas (brainstem, cerebellum, thalamus, frontal, temporal, occipital). Over the 20 participants and 6 brain areas the overlap of the final average template atlas and the test observer was 0.943 and the median Dice agreement between the two observers was 0.880 (range = 0.84-0.93).
Automated Macroanatomical Atlases: Individual Participants. Four atlases were constructed on the MRIs of the individual participants based on 2 independent sets of labeled brain images and 2 registration types. The adult brain segmentations from www. brain-development.org (Hammers atlases [12, 22, 23] ) were used as one atlas and the LONI Probabilistic Brain Atlas segmentations (40 individuals, 56 manually delineated areas; LPBA40 [2] ) were 
Participant manually delineated atlas
Manual delineation of 14 lobar and sublobar areas for 20 selected participants (2 MCBI 3-tesla MRIs each at 3, 4.5, 5, 7.5, 9, and 12 months; 2 NIHPD 1.5-tesla MRIs each at 3, 6, 9, and 12 months); this is to provide a 'gold standard' against which to validate the average template manually delineated atlas and the automatically generated atlases (table 1, hand-drawn)
Participant macroanatomical atlas
Automatic creation of macroanatomical atlas based on Hammers and LPBA40 atlases, using the method of registration of Gousias et al. [11] and majority vote; this was done for all MCBI participants making up the average MRI templates and all NIHPD participants at ages 3, 6, 9, and 12 months; linear: linear registration of the segmented adult atlases to the individual infant participants; nonlinear: nonlinear registration of the segmented adult atlases to individual infant participants; these atlases represent an approach to construct a macroanatomical atlas for individual infant participants (table 1, majority vote)
Average template macroanatomical atlases Automatic creation of macroanatomical atlas based on Hammers and LPBA40 atlases; based on majority vote procedure with individual MCBI participant macroanatomical atlases making up the average MRI templates; this was done at 3, 4.5 6, 7.5, 9, and 12 months; linear: linear registration of the linear-constructed participant macroanatomical atlas to the average MRI template; nonlinear: nonlinear registration of the nonlinear-constructed participant macroanatomical atlas to the average MRI template; this is an average atlas that may be used for automatic atlas registration/transformation to individual participants (table 1, automatic-average) http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/inferior-temporal-gyrus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/parahippocampal-gyrus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/middle-temporal-gryus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/masking-regions/middle-temporal-gyrus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/masking-regions/superior-temporal-gyrus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/superior-temporal-gyrus/ (4) Mask the occipital area; for occipital area, use the MNI Structural Atlas definition of Mazziotta et al. [32] provided with FSL; a first approximation was generated by registering the infant average template to the 20-to 24-year template and transforming the lobar atlas from this template to the infant average template; the areas were then manually adjusted for the infant atlas (5) Mask the cortical sublobar areas (fusiform, cingulate); the definition from the FSL Harvard-Oxford Atlases (Desikan et al. [33] , 2006) and the LONI protocols were used; a first approximation was generated by registering the infant average template to the 20-to 24-year template and transforming the lobar atlas from this template to the infant average template; these areas were manually adjusted to match the areas for the infant atlas and adjusted to match the areas in the LONI segmenting protocols http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/fusiform-gyrus/ http://resource.loni.usc.edu/resources/downloads/research-protocols/probalistic-atlas/cingulate-gyrus/ (6) Mask the parietal lobe; the parietal lobe was the brain area in the parietal area left after the surrounding areas were identified (e.g. occipital, frontal, temporal) and was manually adjusted to match the separate areas in the LONI segmenting protocols http://resource.loni.usc.edu/resources/downloads/research-protocols/masking-regions/parietal-lobe/ [7, 11] . The resulting atlas identifies the majority-voted brain segment for each voxel of the individual infant brain. The same procedure was done separately for both sets of labeled atlases. Therefore, each infant participant had a linear Hammers atlas, a nonlinear Hammers atlas, a linear LPBA40 atlas, and a nonlinear LPBA40 atlas. Automated Macroanatomical Atlases: Average Templates. The Hammers and LPBA40 labeled atlases were constructed for the average MRI template from a majority vote procedure, using the individual participants from whom the average was made. For example, for the 3-month average template, each of the 14 MCBI infants at 3 months of age were registered (both linearly and nonlinearly) to the 3-month-old average template and the majority vote fusion procedure was used to construct both Hammers and LPBA40 atlases. The Hammers and LPBA40 atlases for each participant were then transformed separately by both linear and nonlinear registration parameters to the average MRI template space and the resulting individually transformed atlases were fused with the majority vote procedure [7, 11] to construct the labeled average MRI template stereotaxic atlas. Thus, as with the individual participants, each average MRI template had a linear Hammers atlas, a nonlinear Hammers atlas, a linear LPBA40 atlas, and a nonlinear LPBA40 atlas. The NIHPD participants at 3, 6, 9, and 12 months were not used to create these averages and were reserved for an external validation of the atlases.
Linear and Nonlinear Registration
Linear and nonlinear registration methods were used in the construction of the atlases and in our evaluation tests. For linear registration, the FMRIB's Linear Image Registration Tool from FSL (FLIRT [24] ) was used to register the MRI brain volume of the participant to a reference brain volume (infant participant to segmented adult atlases for participant macroanatomical atlas; infant participant to average MRI template for average template macroanatomical atlas). The FLIRT procedure was done with a 12-DOF affine search, and 'cost' and 'searchcost' used the 'corratio' algorithm. The linear registration produces a linear affine transformation matrix that can be applied to MRI volumes in the participant's space (e.g. individual participant atlas) to transform the volume to the reference space, and an inverse transformation matrix can be applied to MRI volumes in the reference space (e.g. adult manually segmented atlas) to transform the volume into the participant space. The ANTS was used for nonlinear registration [18] ; ANTS version 2.1.0 was used, with the ANTS registration procedure and the cross-correlation metric, to a 1-mm voxel resolution and the SyN transform (gradient step 0.1).
Results
Several individual and average atlases were successfully created. Manually delineated template-based atlases were created for each target infant age (3, 4.5, 6, 7.5, 9, and 12 months). Figure 1 shows the manual template on the 6 infant ages ( fig. 1 a sagittal; fig. 1 b axial) , along with the manual template for the atlas of the young adults. Figure 2 a shows 3D color rendering of the manual atlas overlaid on the average MRI template for each infant age and the young adults. For selected participants at each age, the 6 manually delineated brain areas were done (cerebellum, brainstem, thalamus, frontal lobe, temporal lobe, occipital lobe). Figure 2 b shows a 3D color rendering of these 6 areas on a 3-month-old participant. The Hammers and LPBA40 macroanatomical atlases were done for all individuals (MCBI and NIHPD). Figure 3 a shows the Hammers and LPBA40 atlases on a 3-month-old and a 12-month-old individual. Figure 3 b shows the Hammers and LPBA40 atlases on the MRI templates for the 3-month-old and 12-month-old infants. Figure 4 shows axial slices of the average MRI template for the 6-monthold participants, along with slices at the same level for the manual atlas, Hammers atlas and the LPBA40 atlas. The template-based atlases constructed in the current study are available online (http://jerlab.psych.sc.edu/ NeurodevelopmentalMRIDatabase/) [10] . This includes the manual lobar atlas, the LPBA40 atlas and the Hammers atlas for each age-appropriate average MRI template.
The overlap of the manually drawn atlas and the Hammers and LPBA40 atlases were examined for infant atlases to evaluate the overlap of the manual and the two automatically generated atlases. The overlaps between the areas of the manual atlas and the Hammers and LPBA40 atlases are given in table 4 . We used the overlapping areas found in table 4 to recode the individual participant Hammers or LPBA40 atlases into comparable manual atlas areas for some of the analyses. For these analyses, we did not examine the manually defined occipital lobe because of the disparity between our definition and corresponding LPBA40/Hammers atlases. Additionally, the LPBA40 atlas did not delineate the thalamus. Table 5 is a summary of our comparisons. The first analysis examined the effect of age-appropriate atlases by looking at the overlap between the manually delineated region of an individual, with the regions resulting from registration/transformation to the age-appropriate atlas and to all older age template-based atlases (all infant ages, 2 years, 12 years, 18 years, 20-24 years). This was done for the participants with manually delineated regions. The line graphs in figure 5 show the mean Dice value as a func-tion of the age of the template-based atlas separately for each age group. The registration/transformation for fig. 5 a was the linear registration, with the nonlinear registration shown in fig. 5 b. Each subpanel shows the results for 1 of 6 different brain regions. In almost all cases the age-appropriate registration/transformation areas provided the largest overlap with the manually delineated regions of an individual. There was a gradual decrease on the Dice overlap as the difference between the participant age and the template age increased. The analogous results for the nonlinear registrations were similar for all areas except the brainstem and thalamus. The nonlinear registrations seemed to eliminate the age effects for these segments.
Manually Delineated Regions versus Registration/ Transformation to Template Atlases of Various Ages ( Table 5 , Comparison 1)
We compared the fit of the age-appropriate infant atlas, the atlas from the 2-year-old children and the adult atlas. The bar graph in figure 6 shows the mean Dice value as a function of the brain region with a bar for each age of the template-based atlas (same age as participant, 2 years or 20-24 years) for both linear and nonlinear registrations. The Dice value was analyzed with an age (3 ages: age-appropriate, 2 years, 20-24 years) × registration type (linear, nonlinear) × segment (cerebellum, brainstem, thalamus, frontal lobe, temporal lobe, occipital lobe) ANOVA. There was a significant main effect of age (F 2, 38 = 131.24, p < 0.0001), such that overlap was higher between the manually delineated regions and registration/transformation to the age-appropriate atlas (mean = 0.851, standard error of the mean, SE = 0.0022) than registration/transformation to either the 2-year-old (mean = 0.812, SE = 0.0028) or 20-to 24-year-old (mean = 0.809, SE = 0.0026) atlases. There was also a significant main effect of segment (F 5, 95 = 40.81, p < 0.0001). There was no main effect of registration type but there was a significant 3-way interaction between age, registration type and segment (F 10, 190 = 27.61, p < 0.0001). We used the Scheffé post hoc correction procedure to examine this interaction separately for linear and nonlinear registrations. For linear registration, the age effect was significant (e.g. ageappropriate templates performed better than those for older ages) for all 6 brain areas ( fig. 6 a) . For nonlinear registration, the cerebellum and frontal, occipital and temporal lobes showed significant age effects, whereas the age effect for the brainstem and thalamus comparisons was not significant ( fig. 6 b) . The nonlinear transform resulted in larger Dice values for the thalamus and brainstem segments.
Manually Delineated Regions versus Individual and Average Macroanatomical Atlases ( Table 5 , Comparison 2)
The second analysis was to examine the overlap between the manually delineated region for each individual, with the regions from that individual's Hammers and LPBA40 atlases, and with the regions from an age-appropriate MRI template atlas transformed into that participant's MRI space. This was done for the participants with manually delineated regions. The Hammers and LPBA40 atlas segments were recoded into regions equivalent to the manual atlas areas in order to compare the regions defined by the manual atlas with comparable regions defined by the average template macroanatomical atlases. This was accomplished by using any atlas segment where the overlap between the manual atlas and the target atlas There was a 3-way interaction between the registration type, atlas source and segment, for both Hammers and LPBA40 atlases (F 4, 56 = 14.07, p < 0.0001 and F 3, 42 = 6.77, p < 0.0001, respectively). Figure 7 shows the mean Dice values for the Hammers and LPBA40 atlases for the 5 segments for the linear and nonlinear registrations, separately for the participant atlas and the average-transformed atlas. The interaction was due to the size of significant effects rather than the specific pattern. For both the transformed age-appropriate average atlas and the participant atlas, the nonlinear Dice coefficient was larger than the linear Dice coefficient for both the brainstem and thalamus segments. This difference between nonlinear and linear coefficients also occurred for the participant atlas source for the cerebellum segment. Otherwise, all the other segments did not have significantly different Dice coefficients for linear and nonlinear registration methods.
Individual Macroanatomical Atlases and Registration/ Transformation to Average Macroanatomical Atlas (Comparison 3)
The final analysis examined the overlap between the Hammers or LPBA40 atlases that were constructed on the Numbers are the segment numbers on the atlas. % overlap is the shared overlap between the manual atlas and the other atlases averaged across the 6 infant ages. individual, with the segments coming from a registration/ transformation from the average atlas to the participant MRI volume space. These atlases were constructed for all infant MRIs. The analysis came from the participants who contributed to the creation of the average atlas to verify the internal validity of this approach. The analysis also used the MRIs from the NIHPD infants who were not included in the creation of the averages, as an external validation of the usefulness of the average atlas. A Dice coefficient was calculated between the average-transformed and the participant atlas by defining the intersection as the agreement for each voxel over all segments of the macroanatomical atlas, thus providing a measure of overall fit between the two atlases.
The multiple-segment Dice coefficient was analyzed with an age (6 ages) × group (2 groups: MCBI, NIH) × registration type (2 types) ANOVA, separately for the Hammers and LPBA40 atlases. Figure 8 shows this overall comparison for the Hammers and LPBA40 atlases, separately for the linear and nonlinear methods and the 2 groups. It can be seen in this figure that the fit between the transformed and participant atlases was similar for the 2 groups and was generally about 0.90. There was a significant main effect for the registration type (F 1, 165 = 165.14, p < 0.0001), and the testing group factor was close to significant (F 1, 165 = 3.16, p = 0.0736). The Dice coefficient for the MCBI infants was larger than the NIH infants (mean = 0.937 and 0.899, SE = 0.0017 and 0.0012, respectively) and the linear methods resulted in a larger Dice coefficient than the nonlinear method (mean = 0.929 and 0.898, SE = 0.0084 and 0.0077, respectively). There were no other main effects or interactions.
We also calculated the 'target overlap' [25] for the two atlases. The target overlap represents the intersection of a target and reference overlap divided by the reference volume area. This represents the sensitivity of the analysis and is a measure of segment concordance when there are some areas in the reference segment not fully represented in the target segment. Figure 8 shows the target overlap for the age-transformed and the participant volumes calculated over all the segments. The target overlap for both MCBI and NIH participants was about 0.95, indicating a very close fit between the average age-transformed and individual participant atlases. An age (2) × group (2) × registration type (2) ANOVA showed only a significant effect for the registration type factor; the target overlap for the 2 groups was not significantly different. Finally, we also calculated the target overlap for the 83 areas of the Hammers atlas and the 56 areas of the LPBA40 atlas. and NIHPD groups for the linear registration/transformation and for all the segmented areas of these atlases. There was a good correspondence between the MCBI and the NIHPD groups on the pattern of target overlap across the different segments for both the Hammers and the LPBA40 atlases.
Discussion
Previous neuroanatomical stereotaxic atlas work in infants has focused either on newborns [26] [27] [28] or a few limited ages [7, 11] . The current work provides viable alternatives for stereotaxic atlas work with infants from 3 to 12 months of age with fine-grained ages. We created agespecific stereotaxic atlases for average MRI templates for infants. This was done by manual delineation of average MRI templates [5] . Transforming the average atlas to individual participant MRI space and comparing the overlap of the transformed atlas to manual delineated regions on individual participants tested the validity of the template-based atlases. The overall overlap between the transformed atlas regions and the manually delineated regions was very good (Dice values ∼ 0.85). The largest overlap was with the delineated regions and an atlas from an age-appropriate average MRI template. There was a decreasing overlap between the manually delineated regions and the template-based atlas regions as the age dif- Fig. 9 . Target overlap between the participant and the age-appropriate average-transformed atlas, separately for the MCBI (interval validation) and NIHPD (external validation) groups. Each row
